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Stepwise discriminant analysis was applied to gas chromatographic data of some volatile compounds 
obtmiieabjiTreonextracliOii"of dry white table wines. By means of this statistical method, successful 
classifications according to origin of Colombar wines from two regions, and Chenin blanc wines from 
three regions, were obtained. The components with the highest discriminatory value were i-amyl acetate, 
hexyl acetate and i-butanol, in the case of the Colombar wines and hexanol and 2-phenyl ethanol in the 
case of the Chenin blanc wines. 
The quality of a wine is attributed to an integrated 
response of many individual constituents, some originat-
ing in the grapes, and others produced during fermenta-
tion. Gas chromatography allows the analysis of so large 
a number of volatiles that visual interpretation of these 
data becomes very difficult and in many cases almost 
impossible. The reduction of the normally large number 
of variables to facilitate meaningful interpretation has 
become a major task for oenologists. In an attempt to 
select the most important components with respect to 
wine quality, various statistical methods have been em-
ployed in recent years. 
The classification of wines according to origin, grape 
cultivar and vintage year has been carried out successfully 
by the application of multivariate statistical techniques. 
Pattern recognition techniques have been applied to the 
trace element composition (Siegmund & Bachmann, 
1978; Kwan, Kowalski & Skogerboe, 1979), and to the 
volatile composition of wines (Kwan & Kowalski, 1978; 
Kwan & Kowalski, 1980). Stepwise discriminant analysis 
has been applied to terpene compounds in grapes 
(Schreier et al. 1976; Rapp et al. 1978), to the volatile 
composition of wines (Marais, Van Rooyen & Du Plessis, 
1981) and to headspace volatiles of wines at equilibrium 
concentrations (Noble, Flath & Forrey, 1980). 
The aim of this study was firstly, to select key compo-
nents, mainly fermentation-produced flavour compounds, 
which relate to the geographic origins of the wines, and 
secondly, to direct further investigations into the selec-
tion and identification of wine quality parameters in 
order to relate chemical composition of wine to sensory 
quality. The study was performed on two commonly 
cultivated white wine cultivars in South Africa, viz. Che-
nin blanc and Colombar. 
MATERIALS AND METHODS 
Twenty-two dry white wines of the Colombar cultivar 
from the Robertson and Lutzville areas, as well as 38 dry 
white wines of the Chenin blanc cultivar from the Stellen-
bosch, Robertson and Lutzville areas were used in this 
study. Stellenbosch is a relatively cool agricultural region, 
while Robertson (dry, hot) and Lutzville (desert, very 
hot) are dependent upon irrigation for grape production. 
All the wines were of the 1979 vintage. 
Grapes in various stages of ripeness were harvested 
periodically over approximately six weeks from the same 
vineyards to induce variations in quality. The sugar con-
tent of the grapes varied between approximately 19 °B to 
23 °B. The wines were made using standard techniques 
employed at the experimental cellar of the OVRI. 
The wines were extracted with freon and analyzed 
quantitatively for esters and higher alcohols by means of 
gas chromatography (Marais & Houtman, 1979) on a 
Hewlett Packard 5840 A gas chromatograph fitted with 
an automatic peak integrator. To limit possible effects of 
time on wine composition, all samples were analyzed 
within one month. 
The BMD07M computer program (Dixon, 1974) was 
utilized, performing a stepwise multiple discriminant 
analysis (SDA). 
RESULTS AND DISCUSSION 
The components analyzed, as well as their average 
concentrations for the Colombar and Chenin blanc wines, 
are given in Table 1. 
The components (variables) were classified into three 
Sets viz. (1) four higher alcohols, (2) eight esters and (3) 
the total of the first two Sets plus two acids (See Table 1). 
Data processing was executed on a Burroughs 7700 com-
puter, discriminating amongst wines of the same cultivar 
originating from the different wine regions. 
Colombar: SDA was applied to data from wines from two 
regions, viz. 10 and 12 wines from the Robertson and 
Lutzville areas respectively. The most successful separa-
tions were obtained when employing the variables in Sets 
2 and 3. The discriminant variables in decreasing order of 
importance for each Set as selected by SDA are given in 
Table 2. 
In both cases it was found that i-amyl acetate was the 
most effective discriminant. Although a classification em-
ploying Set 1 (higher alcohols) (Fig. la) was relatively 
unsuccessful, i-butanol emerged as the second most im-
portant discriminant when Set 3 (Fig. le) was im-
plemented. Canonical plots of the separations of the 
wines from two regions employing Sets 1, 2 and 3 are 
shown in Figures l(a), (b) and (c) respectively. 
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TABLE 1. 
Average concentrations of esters, higher alcohols and acids of Colombar and Chenin blanc wines from different regions (1979 vintage). 
Colombar Chenin Blanc 
Components (mg/C) 
Robertson Lutzville Stellenbosch Robertson Lutzville 
Esters 
Ethyl acetate ........................ 39,26 44,55 46,02 44,23 48,30 
Ethyl butyrate ....................... 0,40 0,54 0,61 0,52 0,55 
i-Amyl acetate 
······················ 
2,90 4,37 2,67 2,39 2,52 
Ethyl caproate 
······················ 
0,75 0,92 0,84 0,84 0,83 
Hexyl acetate 
······················· 
0,16 0,19 0,13 0,09 0,14 
Ethyl caprylate ...................... 1,35 1,53 1,41 1,50 1,55 
Ethyl caprate ........................ 0,39 0,40 0,27 0,32 0,29 
2-Phenethyl acetate .................. 0,15 0,18 0,13 0,15 0,14 
Higher Alcohols 
i-Butanol ........................... 24,28 26,02 26,20 26,94 28,42 
Amyl alcohols ....................... 169,71 157,71 139,86 162,46 147,95 
Hexanol ............................ 1,07 1,08 1,04 1,36 0,93 
2-Phenyl ethanol ..................... 20,31 15,39 11,45 17,31 15,75 
Acids 
Hexanoic acid ....................... 5,49 7,22 6,13 5,86 5,88 
Octanoic acid . . . . . . . . . . . . . . . . . . . . . . . 6,88 8,01 7,72 7,23 7,14 
TABLE 2. 
Significance of discriminant variables for the classification of 22 Colombar wines into two regions employing Set 2 (esters) and Set 3 (esters + higher 
alcohols + acids). 
SET2 
Variable Entered 
i-Amyl acetate ................................ . 
Hexyl acetate ................................. . 
Ethyl caprylate ................................ . 
Ethyl butyrate ................................. . 
2-Phenethyl acetate ............................ . 
Ethyl caprate .................................. . 
Ethyl caproate ................................ . 
Ethyl acetate .................................. . 
** = Highly significant at P .;; 0,01. 
* = Significant at P .;; 0,05. 
ns = Not significant. 
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SET3 
Variable Entered 
i-Amyl acetate ................................ . 
i-Butanol ..................................... . 
2-Phenethyl acetate ............................ . 
Hexanoic acid ................................. . 
Hexanol ...................................... . 
Hexyl acetate ................................. . 
Ethyl caprylate ................................ . 
Octanoic acid ................................. . 
Ethyl caproate ................................ . 
Ethyl butyrate ................................. . 
2-Phenyl ethanol ............................... . 
Ethyl acetate .................................. . 
Ethyl caprate .................................. . 
Amyl alcohols ................................. . 
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R = Robertson 
L = Lutzville 
* = Mathematical centre of each group. 
FIG. 1 
A canonical plot showing separation of Colombar wines from 
Robertson and Lutzville areas on the basis of (a) four higher 
alcohols, (b) eight esters and (c) four higher alcohols, eight 
esters and two acids (1979 vintage). 
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From both Figures l(b) and (c) it can be seen that 
i-amyl acetate was by far the most powerful discriminant 
between regions, while the other variables were not able 
to separate the groups on their respective axes. It is 
noteworthy that i-amyl acetate also emerged as the most 
effective component in the differentiation between the 
wines of Pinotage and Cabernet sauvignon cultivars in a 
previous study (Marais, Van Rooyen & Du Plessis, 
1981). It is reasonable to conclude that this compound is 
a relatively sensitive parameter, at least under the condi-
tions of these experiments. Similarly, the findings of 
Houtman & Du Plessis (1981) noted the importance of 
acetate esters as sensitive indicators with respect to fer-
mentation conditions. Ester formation is dependent upon 
inter alia a supply of alcohols and acids and the formation 
of acyl-CoA-compounds (Nordstrom, 1964; Nordstrom, 
1966). All the acetate esters and their corresponding 
higher alcohols, except hexyl acetate, are produced dur-
ing amino acid metabolism by the Ehrlich-mechanism, as 
well as during amino acid synthesis by enzymatic reac-
tions in the course of fermentation. The alcohol moiety 
of i-amyl acetate derives from the de-amination of 
leucine which, depending upon its availability, could lead 
to differences in the concentration of this ester in wines. 
However, the formation of esters, and specifically i-amyl 
acetate, is an extremely complex process. It is also 
affected by factors other than specific amino acid concen-
trat_ions. Consequently, it is difficult at this stage to 
ascribe the significant variations in i-amyl acetate concen-
trations between Colombar wines of different regions to 
one specific factor. This aspect certainly requires further 
study. Hexyl acetate formation is more dependent on the 
six-carbon precursors present in the juice (Drawert & 
Rapp, 1966). 
It has been reported that variations in specific ester 
concentrations within a series of wines of a cultivar are 
often as great as amongst different cultivar wines (Hout-
man, Marais & Du Plessis, 1980; Noble, Flath & Forrey, 
1980). Furthermore, it has been shown that different 
fermentation temperatures of the same must could pro-
duce variations in ester concentrations (Kilian & Ough, 
1979). 
As mentioned earlier, fermentation conditions for all 
the wines were identical in this study, but it is important 
to note that in the case of esters which are sensitive to 
cellar manipulations, results from discriminant analysis 
should be employed with caution. 
Chenin blanc: By employing the same three Sets of 
variables as in the case of the Colombar wines, the most 
successful separations of Chenin blanc wines from Stel-
lenbosch (16 wines), Robertson (12 wines) and Lutzville 
(10 wines) regions were obtained with Sets 1 and 3. In 
both cases hexanol and 2-phenyl ethanol were selected as 
the most important discriminants. The discriminant vari-
ables in decreasing order of importance for each Set are 
given in Table 3. 
Employing only the esters in Set 2, successful classifica-
tions could not be obtained. Canonical plots of the classi-
fications employing Sets 1, 2 and 3 are presented in 
Figures 2(a), (b) and (c) respectively. 
From Figures 2(a) and (c) it can be seen that as a 
discriminant hexanol was reasonably successful in dis-
criminating among the wines from the three regions (Fig. 
2( c) )', but that 2-phenyl ethanol had no utility as discrimi-
nant between the Chenin blanc wines from the Robertson 
and Stellenbosch areas. The less obvious discriminatory 
power of the same variables when employed in Set 1 
(Fig. 2(a)), illustrates the importance of the additional 
variables in the case of Set 3. They contribute to a 
significant extent to the reduction of uncertainty in the 
separations. 
In an earlier similar study of Pinotage and Cabernet 
sauvignon red wines, hexanol was also selected as the 
most effective discriminatory variable in the differentia-
tion between the two cultivars when only four higher 
alcohols were employed (Marais, Van Rooyen & Du 
Plessis, 1981). 
TABLE 3 
Significance of discriminant variables for the classification of 38 Chenin blanc wines into three regions employing Set 1 (higher alcohols) and Set 3 
(esters + higher alcohols + acids). 
SET 1 
Variable Entered 
Hexanol ................................ . 
2-Phenyl ethanol. .............................. . 
Amyl alcohols ................................. . 
i-Butanol ..................................... . 
** = Highly significant at P :;; 0,01. 
ns = Not significant. 
F-value to Enter 
24,11** 
19,04** 
14,40** 
10,64** 
SET 3 
Variable Entered 
Hexanol ...................................... . 
2-Phenyl ethanol ............................... . 
Ethyl caproate ................................ . 
2-Phenethyl acetate ............................ . 
Amyl alcohols ................................. . 
i-Butanol ..................................... . 
Hexyl acetate ................................. . 
Octanoic acid ................................. . 
Ethyl butyrate ................................. . 
Ethyl acetate .................................. . 
Ethyl caprylate ................................ . 
i-Amyl acetate ................................ . 
Ethyl caprate .................................. . 
Hexanoic acid ................................. . 
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F-value to Enter 
24,11 ** 
19,04 ** 
18 64** 
14'.84** 
14,40** 
10,64** 
6,35** 
6,19** 
4 75** 
4' 38** 
3:55** 
1,75 ns 
0,82 ns 
0,32 ns 
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FIG. 2 
A canonical plot showing separation of Chenin blanc wines 
from Stellenbosch, Robertson and Lutzville areas on the 
basis of (a) four higher alcohols, (b) eight esters and (c) four 
higher alcohols, eight esters and two acids (1979 vintage). 
S = Stellenbosch 
R = Robertson 
L = Lutzville 
* = Mathematical centre of each group. 
Kwan & Kowalski (1980) similarly reported that hexa-
nol was one of the two most important components in 
the classification of French and American Pinot noir 
wines, while 2-phenyl ethanol was one of the major 
distinguishing components between Californian Pinot 
noir wines and those produced in the Pacific North-west 
region. 
Hexanol derives from linoleic and linolenic acids, 
which are likely constituents of the waxy bloom covering 
the skin of the grape berry (Brander, Kepner & Webb, 
1980). Skin/juice contact as well as differences in the 
concentrations of these acids amongst cultivars, or within 
a specific cultivar from different localities, could produce 
differences in the concentrations of hexanol in the wines. 
In this study both Chenin blanc and Colombar grapes 
received the same free-run treatment. 2-Phenyl ethanol, 
which was also the second most important component in 
the differentiation between Chenin blanc wines of the 
three regions (Table 3), derives via the Ehrlich-
mechanism from the amino acid phenyl alanine. As in the 
case of the Colombar wines, a study of the amino acids 
should be incorporated to determine whether they can be 
related to regional differences. 
With reference to the contribution of the selected 
compounds to the flavour of wine, odour threshold values 
could possibly provide some useful information. Odour 
threshold values (ppm) as determined in a specially pre-
pared wine residue medium by De Wet et al. (1978), 
revealed values of 0,16 and 0,64 for i-amyl acetate and 
optically active amyl acetate respectively. The two com-
ponents were not gas chromatographically separated, and 
were analyzed as one component viz. i-amyl acetate, 
which normally amounts to approximately 90% of the 
total amount of amyl acetates. Compared to i-amyl ace-
tate concentrations in Table 1, it seems reasonable to 
assume that this fermentation-produced compound con-
tributes significantly to wine quality, especially to the 
bouquet of young wine. This corresponds with research 
reported on this aspect of wine quality by Marais & Pool 
(1980), who found highly significant correlations between 
i-amyl acetate concentrations and young wine bouquet. 
Other available odour threshold values are 0,67 (hexyl 
acetate), 227 ,90 (i-butanol) and 1,08 (hexanol). It is clear 
that i-butanol concentrations (Table 1) are much too low 
to make a significant contribution to wine flavour. 
It is important to note that the regional classifications 
were achieved by using wines from grapes at different 
stages of maturity. It appears, therefore, that the effect 
of this factor is relatively insignificant in relation to that 
of the region. Similarly Rapp et al. (1978) found that 
differentiation of Riesling and Morio Muscat grapes was 
possible, and that this was independent of stage of ripe-
ness. The three regions involved in this study, have fairly 
different climatic conditions viz. the relatively cool Stel-
lenbosch area, where viticulture can be practised without 
irrigation, the relatively dry, hot Robertson area, and the 
desertlike conditions in the Lutzville area. 
CONCLUSIONS 
As in the case of red wine cultivars (Marais, Van 
Rooyen & Du Plessis, 1981), highly successful regional 
classifications of w!nes made from the white wine culti-
vars Colombar and Chenin blanc were obtained by ap-
plication of SDA. These classifications could be made by 
using relatively few fermentation-produced flavour com-
pounds. 
The value of multivariate analysis has far-reaching 
possibilities. Apart from its use in geographical classifica-
tion or cultivar identification, it also opens promising 
fields of investigation with regard to wine quality and 
character parameters. More should be learned of the 
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contributions of such factors as cul ti var, regional and 
climatic conditions, as well as viticultural and cellar tech-
nological practices which are normally reflected in the 
chemical composition of the wines. The coupling of dis-
criminatory components such as i-amyl acetate in the case 
of Colom bar, and hexanol in the case of Chenin blanc 
wines, as well as their formation mechanisms, to wine 
quality, is a distinct possibility. 
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